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(54) SCUFFING RESISTANT GLASS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve fragility, scuffing resistance and durability of glass by incorporating Si02, R0+R'2O. Li20 
and M203. 

SOLUTION: 74-78wt.% Si02, 15-30wt.% RO+R'20 in which a wt. ratio of RO/R'20 is 0.6-1.6 (R is more than one kind selected 
among Mg, Ca and Zn and R' is more than one kind selected among Li, Na and K), >4wt.% U20 and 0-10wt.% M203 (M is B and/or 
Al) are mixed and heated at 1,450-1,600° C to vitrify. Then, after clarifying this molten glass, the glass is formed in a prescribed 
shape to obtain the scuffing resistant glass having 2.41-2.47g/cc density, <6,700m1/2 B expressed by formula, B=Hv/Kc (B is an 
index value of the fragility, Hv is Vickers hardness and Kc is fracture toughness) and viscosity of 102 poise at <1,600° C. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] essential — 74 - 78% of the weight of Si02. and RO/R' — 15 - 30% of the weight of RO+R'20 (R — Mg — ) whose O-fold 
[ 2 ] quantitative ratios are 0.6-1.6 One or more sorts and R' which were chosen from calcium and Zn One or more sorts chosen 
from U. Na, and K, Abrasion-proof nature glass characterized by consisting of 4% of the weight or more of U2 O, and 0 - 10% of the 
weight of M2 03 (one or more sorts as which M was chosen from B and aluminum), and carrying out a consistency in 2.47g/cc or 
less exceeding 2.41g/cc. 

[Claim 2] Abrasion-proof nature glass according to claim 1 characterized by the brittleness index value B being 1/2 or less L 6700m 
- ]. Here, they are B=Hv/Kc (Hv is Vickers hardness number and Kc is a fracture toughness value). 

[Claim 3] Viscosity is 102. Abrasion-proof nature glass according to claim 1 or 2 characterized by the temperature used as a poise 
being 1600 degrees C or less. 

[Claim 4] Abrasion-proof nature glass according to claim 1 . 2. or 3 which essentially consists of the following components. 

Si02 74-78 Weight %. MgO 5-15 Weight %. CaO 0- 2 Weight %. ZnO 0- 2 Weight %. Li2 O 4-16 Weight %. Na2 O 0- 5 Weight %, K2 O 

0- 7 Weight %, B-2 03 0- 2 Weight %, aluminum 203 0- 2 Weight %. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to glass with very high abrasion-proof nature. 
[0002] 

[Description of the Prior Art] Glass is essentially a weak ingredient, and if the reinforcement falls and the force is added there by 
the minute surface crack generated especially at the time of use, the crack which makes a minute blemish the start will extend and 
it will result in destruction. 

[0003] Therefore, in order to raise the endurance of glass, the attempt which a blemish tends to make it hard to be attached to a 
front face is performed for many years. For example, it is surface hard coating, and is surface strengthening by the ion exchange, 
and is physical strengthening by quenching. 

[0004] these techniques are divided roughly into the approach of covering the front face of glass with other ingredients, and 
preventing generating of a blemish, and the approach of making a front face generate compressive residual stress, and preventing 
generating of a blemish, and expansion — having — which — an imitation — it is not the attempt which essentially improves the 
brittleness of glass itself. Therefore, there is a problem that surface coating will not be removed by wear, degradation, etc. or the 
effectiveness is not discovered under the environment where surface residual stress disappears by the rise of temperature etc. 
[0005] On the other hand, although current but the soda lime silica glass currently used widely have transition also historically, 
generally it has the following presentations. 
[0006] 

Si02 66-75 Weight %, MgO 0- 5 Weight %. CaO 7-12 Weight %. Na2 O 12-20 Weight %, K2 O 0- 3 Weight %. aluminum 203 0- 4 
Weight %. 

[0007] In soda lime silica glass, there is not much research about the relation between a presentation and a degree of hardness, as 
general recognition — Si02 That network affinity will go up if Na2 O is permuted by that reinforcement will go up if it is made to 
increase, and CaO, and reinforcement improves, and aluminum 203 It comes out that addition is useful to improvement in 
reinforcement and a degree of hardness etc. to some extent. 

[0008] Although it is important when determining the reinforcement of the still more nearly actual glass about the abrasion degree 
of hardness corresponding to the ease of attaching of a surface blemish, the polish phenomenon of glass is complicated and is not 
necessarily good. [ of functionality with Vickers hardness ] This is considered because it has desorption from the sample by 
generating and expansion of not only a factor but a detailed crack related to a degree of hardness in abrasion-proof nature, and the 
influence by frictional heat. 

[0009] After all, conventionally, there was only recognition of extent that abrasion-proof nature falls as quartz glass is most 
excellent in abrasion-proof nature and network modifiers increased in number about the relation between the ease of attaching of 
the blemish on the front face of glass, and a presentation. 
[0010] 

[Problem(s) to be Solved by the Invention] Based on the conventional recognition, it is Si02 in order to raise a degree of hardness 
simply. If it is made to increase, since it will be hard coming to dissolve, production by scorification with sufficient productivity 
becomes difficult. On the other hand, in the glass of a soda lime silica system, generally, when production with scorification chooses 
an easy presentation, the improvement in a degree of hardness has so much the problem that it does not see. 
[0011] Moreover, by performing a certain processing on the surface of glass, in the approach of conquering brittleness, the after 
treatment after glass shaping is required, and there are a problem of a rise of cost, a problem of a limit of application, a problem 
that the effectiveness does not maintain at the time of use depending on the case. 

[0012] Production by scorification is possible for it, and the purpose of this invention is to offer the glass which maintained 
fundamentally the advantages, such as endurance which soda lime glass has, while it improves the not above-mentioned problem 
that the conventional technique has, i.e.. reforming of after treatment or a front face, but the brittleness of glass itself and prevents 
generating of the blemish by the external force at the time of real use. 
[0013] 

[Means for Solving the Problem] this invention — essential — 74 - 78% of the weight of Si02, and RO/R' — 15 - 30% of the weight 
of RO+R'20 (R — Mg — ) whose 20 ratios are 0.6-1.6 One or more sorts and R' which were chosen from calcium and Zn One or 
more sorts chosen from U. Na, and K, It is abrasion-proof nature glass characterized by consisting of 4% of the weight or more of 
Li2 O, and 0 - 10% of the weight of M2 03 (one or more sorts as which M was chosen from B and aluminum), and carrying out a 
consistency in 2.47g/cc or less exceeding 2.41g/cc. 

[0014] this invention person considers the presentation and the relation of abrasion-proof nature in a detail about various soda lime 
silica glass, and sets to glass presentation within the limits of the result above-mentioned. By carrying out the consistency 
exceeding 2.41g/cc in 2.47g/cc or less (the consistency of the usual soda lime silica glass being about 2.49-2.52g/cc) While 
maintaining fundamentally properties, such as melting nature in the conventional soda lime silica glass, and chemical durability, it 
found out that it was hard coming to attach a blemish very compared with the conventional soda lime silica glass. 
[0015] When the consistency of glass was especially lowered from cc in 2.52g /by the above-mentioned presentation and it became 
[ cc ] in 2.47g /or less, it found out that abrasion-proof nature improved rapidly to other properties changing gradually. In a 
presentation region with a this of about 2.47g [/cc ]. i.e., consistency, it thinks for the flexibility (degree of freedom of the bond 
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angle in atomic level) of glass structure to change rapidly. 

[0016] That is. it is based on having found out that this invention was possible to presentation within the limits which whose 
consistency is the factor which influences abrasion-proof nature most in soda lime silica glass, and has the control. And if the 
presentation is optimized as shown in the after-mentioned example, the glass whose actual reinforcement the generating load of a 
blemish was very high and also improved greatly compared with the usual soda lime silica glass will be obtained easily [ manufacture 
by scorifi cation ]. 

[0017] Next, the presentation range of the glass of this invention is explained. 

[0018] Si02 It is the principal component which forms the network structure of glass. Since a consistency rises and crack 
propagation becomes easy while the amount of non-bridging oxygen will increase relatively and the network structure will become 
weak, if there is too little this, the reinforcement itself becomes low. Moreover, if many [ too ], melting nature will worsen and it will 
become difficult to obtain homogeneous glass with scorification. By this invention, it may be 74 - 78 % of the weight to the whole 
glass in this viewpoint. 

[0019] R'20 (one or more sorts as which R' was chosen from Li, Na, and K) is a component indispensable to a soluble improvement 
with RO (one or more sorts as which R was chosen from Mg, calcium, and Zn) indispensable to a soluble improvement and an 
improvement of chemical durability. The amount of R'20 and RO is made into 15 - 30 % of the weight with a total amount. 
[0020] By carrying out constant-rate content of the RO, the chemical endurance of the whole glass is improvable. In this viewpoint, 
weight ratio RO/R'20 is set to 0.6-1.6 by this invention. 

[0021] Such R to add and R' Small [ an element number ] as a general trend, a light element is effective in reduction of a 
consistency, and abrasion-proof nature is also improved as a result. It is desirable to make [ many ] Mg as R rather than calcium in 
this viewpoint. However, there are some which also show different behavior under the effect of the element added by coincidence 
in some elements. These are considered because there are a form of the network structure where the factor which determines 
abrasion-proof nature makes a subject the amount of non-bridging oxygen and a silica in addition to a consistency, Young's 
modulus, etc. 

[0022] Especially Li2 O is a component effective [ sake / on an abrasion-proof disposition ] among R'20. By this invention, 4% of 
the weight or more of Li2 O is contained in this viewpoint. 

[0023] Although M2 03 (one or more sorts as which M was chosen from B and aluminum) is not an indispensable component, it 
improves the chemistry endurance of glass by little addition, and can manufacture uniform glass. Glass is made to contain 0.1 % of 
the weight or more preferably. However, a consistency rises and, as a result, too much addition causes degradation of abrasion- 
proof nature. 

[0024] Specifically, the desirable presentation range of the glass in this invention is essentially as follows. 
[0025] 

Si02 74-78 Weight %, MgO 5-15 Weight %, CaO 0- 2 Weight %. ZnO 0- 2 Weight %. Li2 O 4-16 Weight %. Na2 O 0- 5 Weight %. K2 O 
0- 7 Weight %. B-2 03 0- 2 Weight %, aluminum 203 0- 2 Weight %. 

[0026] It says that the above-mentioned principal component as used in the field of this invention which becomes "essential" from 
Si02, M2 03, RO, and R'20 occupies 96% of the weight or more of the whole glass. Fe, nickel, Se, Co, Ce, etc. can be added as a 
minor constituent to others for the purpose of control of homogenization of the whole glass, coloring, infrared penetrability, and 
ultraviolet-rays penetrability. 

[0027] Moreover, in order to manufacture more homogeneous glass more easily, a well-known clarifier can also be added. There are 
S03, CI. etc. as this clarifier. 

[0028] Since the glass of this invention is excellent also in melting nature, it can apply various kinds of manufacture approaches. 
That is, each raw material is prepared so that it may become a target system according to a conventional method, and this is 
heated and vitrified at 1450-1600 degrees C. Subsequently, after carrying out founding of this melting glass, it fabricates in a 
predetermined configuration. When fabricating to sheet glass in that case, the roil-out method, a float glass process, the pressing 
method, etc. are used. Moreover, when making it various container configurations, the pressing method and the Ayr blowing method 
are used. Moreover, when fabricating on a fiber, the approach of pulling out from the pinhole made from platinum is used. The glass 
fabricated in this way is annealed like usual glass, and serves as goods. 

[0029] Since generating of a blemish cannot make the glass of this invention essential easily, it has high endurance, without 
processing special on a front face. Moreover, extensive application can be performed from excelling also in melting nature. 
[0030] It is free to add functional film, such as thermal reflective film, to a front face and especially to perform physical or 
strengthening by the chemical technique. Moreover, if it sees from the field of an application, it can be used for various applications, 
such as an object for cars, an object for construction, an object for bottles, and an object for fibers. 

[0031] The glass of this invention can be used as veneer glass, a glass laminate, and multiple glass. When considering as a glass 
laminate and multiple glass, it is good also as a glass laminate and multiple glass using the glass comrade by this invention, and good 
also as a glass laminate and multiple glass using the glass by this invention, and other glass. 

[0032] In this invention, the brittleness index value B proposed by loans as an index of the brittieness (abrasion-proof nature) of 
glass was used (B. R.Lawn and D.B.Marshall, J.Am.Ceram.Soc, 62[7-8]347-350 (1979)). here — the brittleness index value B — 
Vickers hardness number Hv of an ingredient Fracture toughness value Kc from — a formula (1) defines. 
[0033] 
[Equation 1] 

B = H V /K^ (1) 

[0034] The big problem at the time of applying the index of this brittleness to glass is the fracture toughness value Kc. It is hard to 

evaluate correctly. Then, as a result of examining some technique, this invention person found out that brittleness could be 

quantitatively evaluated from the relation between the magnitude of the marks of the indenter which remains in a glass front face, 

and the die length of the crack generated from the four corners of marks, when the Vickers indenter was pushed in. 

[0035] The relation is defined by the formula (2). Here, P is the pushing load of the Vickers indenter, and 2a and 2c are the die 

length (overall length of two symmetrical cracks containing the marks of an indenter) of the crack generated from the diagonal 

length and four corners of the Vickers indentation, respectively, as shown in drawing 1 . 

[0036] 

[Equation 2] 

c/a = 0. 0056B^ P 1 ^ (2) 
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[0037] If the dimension and formula (2) of the Vickers indentation which were driven into the front face of various glass are used, 
the brittleness of glass can be evaluated easily. 

[0038] Drawing 2 shows the relation between the brittleness index value B measured in this way and the abrasion loss by 
sandblasting. As for the brittleness index value B and the abrasion loss by sandblasting, it turns out that it is in a very strong 
correlation and the brittleness index value has been the very good index of abrasion-proof nature. 

[0039] At this invention, viscosity is 102 as an index of melting nature. The temperature used as a poise is adopted. It can be said 
that glass with which this becomes 1600 degrees C or less has good melting nature, and the glass manufacture by scorification is 
easy for it to the same extent as the conventional soda lime silica glass. 

[0040] Since generating of a blemish cannot make the glass of this invention essential easily, it has high endurance, without 
processing special on a front face. Moreover, extensive application can be performed from excelling also in solubility. 
[0041] 

[Example] Viscosity is 102 as 12 kinds of glass presentations considered in Table 1 and Table 2 as the glass (Examples 1-8) and 
the example of a comparison (Examples 9-12) of this invention, the consistency of this glass, a brittleness index value, and a 
melting nature index value. A poise and 104 The temperature (degree C) used as a poise is shown. The presentation of a table is an 
analysis value by fluorescence X rays. 

[0042] After supplying 200g of raw material fine particles of each presentation to the crucible made from platinum, the heating 
dissolution was carried out agitating in 1450-1650-degree-C atmospheric air for 4 hours. There is all solubility comparable as usual 
soda lime glass, and it checked that there was no problem on manufacture. The glass of each presentation which dissolved in 
homogeneity was slushed into the mold of carbon, and was fabricated and cooled on about 10cm square at the plate with a 
thickness of 5mm. After the obtained glass gave annealing in 490-570 degrees C and removed distortion, it carried out cutting 
polish and was made into the sample with a thickness of 4mm on 2cm square. 

[0043] In order to remove the surface residual stress by polish further, from the point [ distortion ] temperature of angle glass, the 
sample which ground and took out the mirror plane was heated to the temperature on some (100 degrees C/hr), and was annealed 
after maintenance (3 hours) (60 degrees C/hr). In this way, the brittleness was measured where surface heat and processing 
distortion are removed completely. 

[0044] The Vickers hardness test machine was used for measurement of brittleness. Brittleness was computed according to the 
pushing load of the die length of a crack, and the Vickers indenter which drives an indentation into a glass front face and is 
generated from the rectangular head of the indentation with this equipment using (aforementioned 1) and aforementioned (2) types. 
[0045] The pushing load was made into 5kg pile, and measured brittleness about all examples. Moreover, about the consistency, it 
computed by the Archimedes method from the dry weight of a sample, and underwater weight. The last digit was rounded off and 
they could be 4 figures, after using the highly precise balance measurable to a microgram for measurement and calculating to 5 
figures of significant figures. 

[0046] For the glass which is in the presentation range of this invention from Table 1 and Table 2, a consistency is 2.470g/cc or 
less exceeding 2.410 altogether, and the brittleness index value b is 1/2 or less [ 6700m - ], and viscosity is 102. The temperature 
used as a poise is 1600 degrees C or less. 

[0047] It is 102, although a consistency is 2.470g/cc or less and the brittleness index value B has become 1/2 or less [ 6600m - ] 
to it in the example of a comparison out of range (Example 9, Example 10). Difficulty has the temperature used as a poise in the 
dissolution and a moldability above 1600 degrees C. At the example of a comparison (Example 11, Example 12), it is 102. Although 
the temperature used as a poise is easy for the dissolution and shaping below 1600 degrees C, the consistency is over cc in 
2.4 70g /, and in order that the brittleness index value B may exceed -1/2 6600m, the improvement of abrasion-proof nature is not 
found. 

[0048] Moreover, it turns out that a brittleness index value also falls as a consistency and brittleness show good forward 
correlation in these examples and a consistency falls, namely, a blemish cannot be attached easily and has become. 
[0049] Furthermore, when the crack initiation load (load which a crack will generate from the rectangular head of an indentation for 
the first time beyond the load if the load is increased gradually) when stuffing the Vickers indenter into the glass of Example 2 in 
which the lowest brittleness index value was shown was searched for, it became 900g pile. With usual soda lime glass, the crack 
initiation load searched for by the same approach is a 200g pile, and was able to raise the crack initiation load up to 4.5 times by 
improving brittleness. This is a very large advantage, when the key factor of a fall on the strength considers being based on the 
blemish generated on the front face after glass manufacture at the time of real use of glass. 

[0050] that is, by using the glass of this presentation, the fall on the strength by the surface crack at the time of real use can be 
reduced, as a result, the life of goods is boiled markedly, and is developed, and the dependability can be improved sharply. 
[0051] 
[Table 1] 
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1 


2 


3 


4 


5 


6 




SlQs 


75.1 


75.1 


75.1 


75.1 


75.0 


75.0 




MgO 


9.4 


9.4 


10.4 


11.4 


13.4 


14.4 


m 


CaO 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




ZdO 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




LUO 


15.5 


14.5 


13.5 


6.5 


5.5 


5.0 




Na 3 0 


0.0 


0.0 


0.0 


0.0 


0.0 


A A 
0.0 




KaO 


0.0 


0.0 


0.0 


6.0 


5.0 


A C 

4.5 




AU0 8 


0.0 


1.0 


1.0 


1.0 


1.1 


1.1 


RCM-RaO 


24.9 


23.9 


23.9 


23.9 


23.9 


23. 9 


RO/%0 


0.61 


0. 65 


0. 77 


0. 91 


1.28 


1.52 


ffil£(g/cc) 


2.424 


2.422 


2.426 


2.426 


2.433 


2.437 


B 


(nf 1/2 ) 


6200 


6100 


6300 


6300 


630O 


6400 


10* poise CC) 


1264 


1288 


1288 


1352 


1356 


1358 


10 4 poise CC) 


826 


851 


864 


951 


966 


974 



[0052] 
[Table 2] 





7 


8 


9 


1 0 


1 1 


1 2 




S10, 


77.0 


77.9 


80.3 


83.0 


58.9 


67.0 




MgO 


14.1 


9.5 


0.0 


3.3 


0.0 


0.0 


m 


CaO 


0.0 


1.0 


9.4 


0.0 


4.8 


10.0 




ZnO 


0.0 


1.0 


0.0 


0.0 


0.0 


0.0 




LUO 


5.0 


10.6 


0.0 


0.0 


0.0 


0.0 




Na s O 


1.1 


0.0 


10.3 


10.3 


16.1 


15.0 




E3O 


2.8 


0.0 


0.0 


0.0 


0.0 


5.0 




AUO a 


0.0 


0.0 


0.0 


3.4 


20.2 


3.0 


RO+M 


23.0 


22.1 


19.7 


13.6 


20.9 


30.0 


RO/M 


1.58 


1. 09 


0.91 


0.32 


0.30 


0.50 


®ffi(g/cc) 


2.430 


2.430 


2.431 


2.347 


2.488 


2.522 


B 


(m- 1/a ) 


6300 


6300 


6100 


4000 


6800 


7000 


10* poise CC) 


1390 


1450 


1786 


2314 


1338 


1387 


10 4 poise CC) 


1033 


985 


1179 


1366 


976 


1066 



[0053] 

[Effect of the Invention] by using this, it can reduce the fail on the strength by the surface crack at the time of real use. as a 
result, the glass of this invention boils the life of goods markedly, and develops it, and can improve the dependability sharply while 
being able to manufacture it with sufficient productivity with scorification. 



[Translation done.] 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to glass with very high abrasion-proof nature. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
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1This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] Glass is essentially a weak ingredient, and if the reinforcement falls and the force is added there by 
the minute surface crack generated especially at the time of use, the crack which makes a minute blemish the start will extend and 
it will result in destruction. 

[0003] Therefore, in order to raise the endurance of glass, the attempt which a blemish tends to make it hard to be attached to a 
front face is performed for many years. For example, it is surface hard coating, and is surface strengthening by the ion exchange, 
and is physical strengthening by quenching. 

[0004] these techniques are divided roughly into the approach of covering the front face of glass with other ingredients, and 
preventing generating of a blemish, and the approach of making a front face generate compressive residual stress, and preventing 
generating of a blemish, and expansion — having — which — an imitation — it is not the attempt which essentially improves the 
brittleness of glass itself. Therefore, there is a problem that surface coating will not be removed by wear, degradation, etc. or the 
effectiveness is not discovered under the environment where surface residual stress disappears by the rise of temperature etc. 
[0005] On the other hand, although current but the soda lime silica glass currently used widely have transition also historically, 
generally it has the following presentations. 
[0006] 

Si02 66-75 Weight %, MgO 0- 5 Weight %. CaO 7-12 Weight %, Na2 O 12-20 Weight %, K2 O 0- 3 Weight %, aluminum 203 0- 4 
Weight %. 

[0007] In soda lime silica glass, there is not much research about the relation between a presentation and a degree of hardness, as 
general recognition — Si02 That network affinity will go up if Na2 O is permuted by that reinforcement will go up if it is made to 
increase, and CaO. and reinforcement improves, and aluminum 203 It comes out that addition is useful to improvement in 
reinforcement and a degree of hardness etc. to some extent. 

[0008] Although it is important when determining the reinforcement of the still more nearly actual glass about the abrasion degree 
of hardness corresponding to the ease of attaching of a surface blemish, the polish phenomenon of glass is complicated and is not 
necessarily good. [ of functionality with Vickers hardness ] This is considered because it has desorption from the sample by 
generating and expansion of not only a factor but a detailed crack related to a degree of hardness in abrasion-proof nature, and the 
influence by frictional heat. 

[0009] After all. conventionally, there was only recognition of extent that abrasion-proof nature falls as quartz glass is most 
excellent in abrasion-proof nature and network modifiers increased in number about the relation between the ease of attaching of 
the blemish on the front face of glass, and a presentation. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] by using this, it can reduce the fall on the strength by the surface crack at the time of real use, as a 
result, the glass of this invention boils the life of goods markedly, and develops it, and can improve the dependability sharply while 
being able to manufacture it with sufficient productivity with scorification. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Based on the conventional recognition, it is Si02 in order to raise a degree of hardness 
simply. If it is made to increase, since it will be hard coming to dissolve, production by scorification with sufficient productivity 
becomes difficult. On the other hand, in the glass of a soda lime silica system, generally, when production with scorification chooses 
an easy presentation, the improvement in a degree of hardness has so much the problem that it does not see. 
[0011] Moreover, by performing a certain processing on the surface of glass, in the approach of conquering brittleness, the after 
treatment after glass shaping is required, and there are a problem of a rise of cost, a problem of a limit of application, a problem 
that the effectiveness does not maintain at the time of use depending on the case. 

[0012] Production by scorification is possible for it, and the purpose of this invention is to offer the glass which maintained 
fundamentally the advantages, such as endurance which soda lime glass has, while it improves the not above-mentioned problem 
that the conventional technique has, i.e., reforming of after treatment or a front face, but the brittleness of glass itself and prevents 
generating of the blemish by the external force at the time of real use. 
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MEANS 

[Means for Solving the Problem] this invention - essential - 74 - 78% of the weight of Si02, and RO/R' - 15 - 30% of the weight 
of RO+R'20 (R — Mg — ) whose 20 ratios are 0.6-1.6 One or more sorts and R' which were chosen from calcium and Zn Une or 
more sorts chosen from Li. Na. and K, It is abrasion-proof nature glass characterized by consisting of 4% of the weight or more of 
U2 O, and 0 - 10% of the weight of M2 03 (one or more sorts as which M was chosen from B and aluminum), and carrying out a 
consistency in 2.47g/cc or less exceeding 2.41g/cc. 

[0014] this invention person considers the presentation and the relation of abrasion-proof nature in a detail about various soda lime 
silica glass, and sets to glass presentation within the limits of the result above-mentioned. By carrying ° u ^Vo°? ,S ^uV 
exceeding 2.41 g/cc in 2.47g/cc or less (the consistency of the usual soda lime silica glass being about 2.49-2.52g/cc) While 
maintaining fundamentally properties, such as melting nature in the conventional soda lime silica glass, and chemical durability, it 
found out that it was hard coming to attach a blemish very compared with the conventional soda lime silica glass. 
[0015] When the consistency of glass was especially lowered from cc in 2.52g /by the above-mentioned presentation and it became 
[ cc ] in 2 47g /or less, it found out that abrasion-proof nature improved rapidly to other properties changing gradually. In a 
presentation region with a this of about 2.47g [/cc ]. i.e., consistency, it thinks for the flexibility (degree of freedom of the bond 
angle in atomic level) of glass structure to change rapidly. . 
[0016] That is, it is based on having found out that this invention was possible to presentation within the limits which whose 
consistency is the factor which influences abrasion-proof nature most in soda lime silica glass, and has the control. And if the 
presentation is optimized as shown in the after-mentioned example, the glass whose actual reinforcement the generating load of a 
blemish was very high and also improved greatly compared with the usual soda lime silica glass will be obtained easily [ manufacture 
by scorification ]. 

[0017] Next, the presentation range of the glass of this invention is explained. 

[0018] Si02 It is the principal component which forms the network structure of glass. Since a consistency rises and crack 
propagation becomes easy while the amount of non-bridging oxygen will increase relatively and the network structure will become 
weak if there is too little this, the reinforcement itself becomes low. Moreover, if many [ too ]. melting nature will worsen and it will 
become difficult to obtain homogeneous glass with scorification. By this invention, it may be 74 - 78 % of the weight to the whole 

(onToTmore sorts as which R' was chosen from Li. Na, and K) is a component indispensable to a soluble improvement 
with RO (one or more sorts as which R was chosen from Mg, calcium, and Zn) indispensable to a soluble improvement and an 
improvement of chemical durability. The amount of R'20 and RO is made into 15 - 30 % of the weight with a total amount. 
[0020] By carrying out constant-rate content of the RO. the chemical endurance of the whole glass is improvable. In this viewpoint, 
weight ratio R0/R'2O is set to 0.6-1.6 by this invention. 

[0021] Such R to add and R' Small [ an element number ] as a general trend, a light element is effective in reduction of a 
consistency, and abrasion-proof nature is also improved as a result. It is desirable to make [ many ] Mg as R rather than calcium in 
this viewpoint However, there are some which also show different behavior under the effect of the element added by coincidence 
in some elements. These are considered because there are a form of the network structure where the factor which determines 
abrasion-proof nature makes a subject the amount of non-bridging oxygen and a silica in addition to a consistency. Young s 

So22] U Lrecially U2 O is a component effective [ sake / on an abrasion-proof disposition ] among R*20. By this invention, 4% of 
the weight or more of Li2 O is contained in this viewpoint. 

[0023] Although M2 03 (one or more sorts as which M was chosen from B and aluminum) is not an indispensable component it 
improves the chemistry endurance of glass by little addition, and can manufacture uniform glass. Glass is made to contain 0.1 4 of 
the weight or more preferably. However, a consistency rises and. as a result, too much addition causes degradation of abrasion 
proof nature. 

[0024] Specifically, the desirable presentation range of the glass in this invention is essentially as follows. 

Si02 5] 74-78 Weight %. MgO 5-15 Weight %, CaO 0- 2 Weight %. ZnO 0- 2 Weight %. Li2 O 4-16 Weight %. Na2 O 0- 5 Weight %. K2 O 
0- 7 Weight %, B-2 03 0- 2 Weight %, aluminum 203 0- 2 Weight %. & , .„ , 

[0026] It says that the above-mentioned principal component as used in the field of this invention which becomes ess ^tial from 
Si02 M2 03 RO and R'20 occupies 96% of the weight or more of the whole glass. Fe. nickel. Se, Co, Ce, etc. can be added as a 
minor constituent to others for the purpose of control of homogenization of the whole glass, coloring, infrared penetrability, and 
ultraviolet-rays penetrability. , . 

[0027] Moreover, in order to manufacture more homogeneous glass more easily, a well-known clanfier can also be added, mere are 

S03, CI. etc. as this clarifler. . 

[0028] Since the glass of this invention is excellent also in melting nature, it can apply various kinds of manufacture approaches. 
That is. each raw material is prepared so that it may become a target system according to a conventional method, and this is 
heated and vitrified at 1450-1600 degrees C. Subsequently, after carrying out founding of this melting glass, it fabricates in a 
predetermined configuration. When fabricating to sheet glass in that case, the roll-out method, a float glass process the pressing 
method etc are used. Moreover, when making it various container configurations, the pressing method and the Ayr blowing method 
are used. Moreover, when fabricating on a fiber, the approach of pulling out from the pinhole made from platinum is used. The glass 
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fabricated in this way is annealed like usual glass, and serves as goods. 

[0029] Since generating of a blemish cannot make the glass of this invention essential easily, it has high endurance, without 
processing special on a front face. Moreover, extensive application can be performed from excelling also in melting nature. 
[0030] It is free to add functional film, such as thermal reflective film, to a front face and especially to perform physical or 
strengthening by the chemical technique. Moreover, if it sees from the field of an application, it can be used for various applications, 
such as an object for cars, an object for construction, an object for bottles, and an object for fibers. 

[0031] The glass of this invention can be used as veneer glass, a glass laminate, and multiple glass. When considering as a glass 
laminate and multiple glass, it is good also as a glass laminate and multiple glass using the glass comrade by this invention, and good 
also as a glass laminate and multiple glass using the glass by this invention, and other glass. 

[0032] In this invention, the brittleness index value B proposed by loans as an index of the brittJeness (abrasion-proof nature) of 
glass was used (B. R.Lawn and D.B.Marshall, J.Am.Ceram.Soc. 62[7-8]347-350 (1979)). here — the brittleness index value B — 
Vickers hardness number Hv of an ingredient Fracture toughness value Kc from — a formula (1) defines. 
[0033] 
[Equation 1] 

B = H V /K« (1) 

[0034] The big problem at the time of applying the index of this brittleness to glass is the fracture toughness value Kc. It is hard to 

evaluate correctly. Then, as a result of examining some technique, this invention person found out that brittleness could be 

quantitatively evaluated from the relation between the magnitude of the marks of the indenter which remains in a glass front face, 

and the die length of the crack generated from the four corners of marks, when the Vickers indenter was pushed in. 

[0035] The relation is defined by the formula (2). Here, P is the pushing load of the Vickers indenter, and 2a and 2c are the die 

length (overall length of two symmetrical cracks containing the marks of an indenter) of the crack generated from the diagonal 

length and four corners of the Vickers indentation, respectively, as shown in drawing 1 . 

[0036] 

[Equation 2] 

c/a = 0. OOSGB 2 ^ P 1 ^ (2) 

[0037] If the dimension and formula (2) of the Vickers indentation which were driven into the front face of various glass are used, 
the brittleness of glass can be evaluated easily. 

[0038] Drawing 2 shows the relation between the brittleness index value B measured in this way and the abrasion loss by 
sandblasting. As for the brittleness index value B and the abrasion loss by sandblasting, it turns out that it is in a very strong 
correlation and the brittleness index value has been the very good index of abrasion-proof nature. 

[0039] At this invention, viscosity is 102 as an index of melting nature. The temperature used as a poise is adopted. It can be said 
that glass with which this becomes 1600 degrees C or less has good melting nature, and the glass manufacture by scorification is 
easy for it to the same extent as the conventional soda lime silica glass. 

[0040] Since generating of a blemish cannot make the glass of this invention essential easily, it has high endurance, without 
processing special on a front face. Moreover, extensive application can be performed from excelling also in solubility. 
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EXAMPLE 



[Example] Viscosity is 102 as 12 kinds of glass presentations considered in Table 1 and Table 2 as the glass (Examples 1-8) and 
the example of a comparison (Examples 9-12) of this invention, the consistency of this glass, a brittleness index value, and a 
melting nature index value. A poise and 104 The temperature (degree C) used as a poise is shown. The presentation of a table is an 
analysis value by fluorescence X rays. 

[0042] After supplying 200g of raw material fine particles of each presentation to the crucible made from platinum, the heating 
dissolution was carried out agitating in 1450-1650-degree-C atmospheric air for 4 hours. There is all solubility comparable as usual 
soda lime glass, and it checked that there was no problem on manufacture. The glass of each presentation which dissolved in 
homogeneity was slushed into the mold of carbon, and was fabricated and cooled on about 10cm square at the plate with a 
thickness of 5mm. After the obtained glass gave annealing in 490-570 degrees C and removed distortion, it carried out cutting 
polish and was made into the sample with a thickness of 4mm on 2cm square. 

[0043] In order to remove the surface residual stress by polish further, from the point [ distortion ] temperature of angle glass, the 
sample which ground and took out the mirror plane was heated to the temperature on some (100 degrees C/hr), and was annealed 
after maintenance (3 hours) (60 degrees C/hr). In this way, the brittleness was measured where surface heat and processing 
distortion are removed completely. 

[0044] The Vickers hardness test machine was used for measurement of brittleness. Brittleness was computed according to the 
pushing load of the die length of a crack, and the Vickers indenter which drives an indentation into a glass front face and is 
generated from the rectangular head of the indentation with this equipment using (aforementioned 1) and aforementioned (2) types. 
[0045] The pushing load was made into 5kg pile, and measured brittleness about all examples. Moreover, about the consistency, it 
computed by the Archimedes method from the dry weight of a sample, and underwater weight. The last digit was rounded off and 
they could be 4 figures, after using the highly precise balance measurable to a microgram for measurement and calculating to 5 
figures of significant figures. 

[0046] For the glass which is in the presentation range of this invention from Table 1 and Table 2, a consistency is 2.470g/cc or 
less exceeding 2.410 altogether, and the brittleness index value b is 1/2 or less [ 6700m - ], and viscosity is 102. The temperature 
used as a poise is 1600 degrees C or less. 

[0047] It is 102, although a consistency is 2.470g/cc or less and the brittleness index value B has become 1/2 or less [ 6600m - ] 
to it in the example of a comparison out of range (Example 9, Example 10). Difficulty has the temperature used as a poise in the 
dissolution and a moldability above 1600 degrees C. At the example of a comparison (Example 11. Example 12). it is 102. Although 
the temperature used as a poise is easy for the dissolution and shaping below 1600 degrees C. the consistency is over cc in 
2.470g /, and in order that the brittleness index value B may exceed -1/2 6600m, the improvement of abrasion-proof nature is not 
found. 

[0048] Moreover, it turns out that a brittleness index value also falls as a consistency and brittleness show good forward 
correlation in these examples and a consistency falls, namely, a blemish cannot be attached easily and has become. 
[0049] Furthermore, when the crack initiation load (load which a crack will generate from the rectangular head of an indentation for 
the first time beyond the load if the load is increased gradually) when stuffing the Vickers indenter into the glass of Example 2 in 
which the lowest brittleness index value was shown was searched for, it became 900g pile. With usual soda lime glass, the crack 
initiation load searched for by the same approach is a 200g pile, and was able to raise the crack initiation load up to 4.5 times by 
improving brittleness. This is a very large advantage, when the key factor of a fall on the strength considers being based on the 
blemish generated on the front face after glass manufacture at the time of real use of glass. 

[0050] that is, by using the glass of this presentation, the fall on the strength by the surface crack at the time of real use can be 
reduced, as a result, the life of goods is boiled markedly, and is developed, and the dependability can be improved sharply. 
[0051] 
[Table 1] 
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2 


3 


4 


5 


6 




SlOs 


75.1 ' 


75.1 


75.1 


75.1 


75.0 


75.0 




HgO 


9.4 


9.4 


10.4 


11.4 


13.4 


14.4 


m. 


CaO 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




ZdO 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




LuO 


15.5 


14.5 


13.5 


6.5 


5.5 


5.0 




Na 2 0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




KaO 


0.0 


0.0 


0.0 


6.0 


5.0 


4.5 




AUOa 


0.0 


1.0 


1.0 


1.0 


1.1 


1.1 




24.9 


23.9 


23.9 


23.9 


23.9 


23.9 


RO/M 


0.61 


0.65 


0.77 


0.91 


1.28 


1.52 


S&KCg/cc) 


2.424 


2.422 


2.426 


2.426 


2.433 


2.437 


B 


(m- 1/J ) 


6200 


6100 


6300 


6300 


6300 


6400 


10 s poise CC) 


1264 


1288 


1288 


1352 


1356 


1358 


10 4 poise CC) 


826 


851 


864 


951 


966 


974 
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7 


8 
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1 0 


1 1 


1 2 
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77.0 


77.9 


80.3 


83.0 


58.9 


67.0 




HgO 


14.1 


9.5 


0.0 


3.3 


0.0 


0.0 




CaO 


0.0 


1.0 


9.4 


0.0 


4.8 


10.0 




ZdO 


0.0 


1.0 


0.0 


0.0 


0.0 


0.0 




LUO 


5.0 


10.6 


0.0 


0.0 


0.0 


0.0 
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Na,0 


1.1 


0.0 


10.3 


10.3 


16.1 


15.0 




1,0 


2.8 


0.0 


0.0 


0.0 


0.0 


5.0 




AUOa 


0.0 


0.0 


0.0 


3.4 


20.2 


3.0 


RO+*aO 


23.0 


22.1 


19.7 


13.6 


20.9 


30.0 


RO/M 


1.58 


1.09 


0.91 


0.32 


0.30 


0.50 


®fi(g/cc) 


2.430 


2.430 


2.431 


2.347 


2.488 


2.522 


B 


(m- 1/a ) 


6300 


6300 


6100 


4000 


6800 


7000 


10* poise CC) 


1390 


1450 


1786 


2314 


1338 


1387 


10 4 poise CC) 


1033 


985 


1179 


1366 


976 


1066 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

f Drawing 1] The explanatory view explaining the definition of the brittJeness in this invention 

fDrawing 2] The graph which shows the relation between the brittleness index value B and the abrasion loss by sandblasting 
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DRAWINGS 




TPrawing 2] 




O to i .... i .... i .... i .... i .... i .... i ... .1 

4500 5000 5600 6000 6500 7000 7500 BOOO 
Brlttleness <nv*/2 ) 



[Translation done.] 



http://www4.ipdl. ncipi. go jp/cgi-bin/tran^web_cgLejje 



04/12/06 



<19)H*S#ff/r (JP) 



(12) & §| tfe jft ^ $g (A) (ll)»8ttHH»W«# 

4#IH¥9 - 52729 

(43)&§8B ¥«9^(1997)2j!25B 



(51)IntCL 6 
C 0 3 C 3/078 
3/087 
3/089 
3/091 
3/093 



F I 

C 0 3 C 3/078 
3/087 
3/089 
3/091 
3/093 

*aat# *at# n#B0ft4 ol <± e k) &»m«or< 





MAW- 148256 


(71)fflB5A 


000000044 










(22) due b 


¥£8¥(1996)6E7B 




3»K*^F«BBK*.©rt 2 TB 1 # 2 ^ 






(72)KK# 






1$«¥7- 143472 






(32)«JfeB 


¥7 (1995) 6 £ 9 B 






(33)«5telt£38H 


B* (JP) 


(72)$69I# 


SSBB * 








»3!yi|*«STt««JI|^«BI1150»jS 














(72)5B?3# 


*a 






















(74)ftSA 













(54) BS9I«>£«0 B8«tt*7X 



(57) [Btt] 

tUKK 7 4 -v? 8 M%0 S i O, , m 
ffiitRO/R'.Otk^O. 6-1. 6~C$>ZtC*><Dl 
5-3 0II%ORO + R' 2 0, 41tt%«±OLi 2 

cx o-ioir^M, o 3 (mzBto^u/ztckz 
47g/ c c&LTtztizctzmkt-rz. 



(2) 



St$J¥9-52 72 9 



iffi&mi] *nwcc7 4— 7 8m&%<D$ i o 2 . r 

O/R^OSSit^O. 6-1. 6r<fc*tC3<D15 
-3 011%©RO + R',O (RttMg. CaWl>7 
n^fejBtf*ifcl««±, R ' ttLi, NafcJrO'K^ 
6ii«tl/tl«UUi) . 4MK«±©Li a 0, 0- 

1 Oll^OM, O a (MteB A 1 a^jitftifc 
iaJW±) 8?g#2. 4 1g/cc£a2*T 

2. 47 g /c cUTtstizctitmt-rzfitm® 

[lf^S2 ] E££Jg£HilB#6 7 0 0m- 1/l «m-6 
t?, B=H V /K c (H v litf^-X^i*, K c 

[it;f^3] tts#i o 1 ^•rxi/i^g^i 6 o o 

2 £ fete 3 &&<DM&mvt#^ X . 

74-7 8 

5-1 5 

0- 2 

0- 2 

4-1 6 

0— 5 

0— 7 

0- 2 

0- 2 



S i 0 2 
MgO 
CaO 
ZnO 
L i 2 O 
Na 2 O 
K 2 O 
B 2 O, 
A 1 2 0 3 

[0 00 1 ] 

[&W>jST£8ffi#fn **Mtt % 
[0 00 2] 

[0 00 3] l^ot, #^XOm^t££±Gf£/c#> 

[0004] cHhomtizrt^zcDgmztiLCDttnv 
* «: j: ^ xmmommiRMm^ or t * 5 mmrf 



[0 00 5 ] — # % «afc-3<b«>yWB34iTl>SV-y 
[0 00 6 ] 

S i 0 2 6 6-7 5 m&%, 

Mgo 0-5 mm%. 

CaO 7-12 

Na, o 1 2-2 0 mm%. 

K 2 O 0-3 

10 a 1 2 Oj 0—4 mm%. 

[0007] y-y^-YAt/y*jtf^x«:*jiiT. 

|g|g<hLT{i, S i O2 £«Jra3tf4£«ffi*i±#*c 
<fc, CaOTNa, 04t»t5i^^9-^<D^ 

tt^±3&j»). m&tfifa±*zct % Ai 2 o 3 own* 

[0 008] S6Cc*ffi©«Oo*^-rStc*fj£:^4» 

[0009] tgn % &mz. ^7xaioi©ot^T 
mmmmmr-r z> t c ^ sk® eat u * & * /c« 

[0010] 

30 [ftn#MftLJ:9 tSE*OBBKc»-5# . 

«*6«CB8ffi€r±Cfa^tcS i O a ^ifJJtl jg 
MUtc< < ft « tab. ^jSttoat^BKCC <fcSffiS*i 

"Tat. 3tt£Bffl[©ia±«M^hft(r»4l^WH3D«* 
[0 0 1 1 ] $/c, ^^X©*ffitCfiI^C[)«Ul*tf 5 

[0012] *jwi4>Bftii. ae*ttti»«#r*«»<D 

[0013] 

[»H*»«-r*fc«><D*«] ^SW0C7 4 

50 ~7 8M°/oOS i 0 2 , RO/R'jOtt^O. 6- 



3 

1. 6V$>Z>tC*><D 1 5-3 OMWRO+R',0 

R' »Li. Na*J<tt>'K^65S^n/cl«W±) . 4 
Sffi%fcLh<DLi, O, O-lOSffiS^CDM, O, (M 

#2. 4 1g/cc^t2. 47s/ccfcTF<t£ 
g£2. 4 1g/cc^t2, 47gr/cctn r 

(»*©v-i^-f Aj/yM^x©$s»2. 4 9- 

2. 52e/c egg) i-r^citcior, flHHDV 

5 >f a y # # 5 x cc ifr* r *Xcca#-? ft cc < < ft & 

[0015] fttc, gffJSOfflJSr *f ^ 2 . 5 

2 g/c cfre>TtfX^->tcm^Z2. 4 7g/cctl 

tttofe, S?g2. 4 7«/ccifi»©«JSS««:*J^r, 

[0 0 16] Tfc*>%, **WWV-y5-f AZsVXtf 

[0017] ^«c*«M©^^^©jBJ58MHCcot»rW 

[0018] sio, tt*^^©«sa«a*«SErsi 
#^*:£ttK>tfLT7 4-7 8ffis%£-f 

6. 

[0 0 19] R'.O (R* (JLi. Na^J^^K^^iM 
KtifeiatLh) ««Wtto««K:ie«r*0, 
RO (RfciMgr. C&%5&VZn&t>m><Ztifc\mtX 

f&#-C&£ 0 R',0<hRO(D1t«^ffir 1 5-3 OS® 

[0020] RO*-JEKdW-r«C4«:J:0. 



(3) *$gf^9-52 729 

4 

.<5T\ ffijRttRO/R'.OK. 0. 6- 

1. 6<hi**a£ 0 

[0021] asinrrachfcoR. r« wiiit 

«j£r, Riltlt Ca<t0tttfl^>Mg^<tS 

[0 02 2] R»,O09«ttK:L i, Ott, HttflttA 
4fiffi%fil±©L i , O 

[ 0 0 2 3 ] M, O a (MteBfccfcO'A 1 frhW&tVtt 

[0 024] s*wcc» % *a?acc*jw4^^o»* 

[0 02 5] 



S i O, 


7 4-7 8 




MgO 


5-1 5 


UK. 


CaO 


0- 2 




ZnO 


0- 2 




Li, O 


4-1 6 




Na 2 O 


0- 5 


mm%. 


K, O 


0- 7 


mm%. 


B a O3 


0- 2 


mm%, 


Ah O, 


0- 2 





[0 02 6] *«JW5 1 r^:®^j ie, SiO 
2 , M, Oj , RO, fcitfR'.Ojfe&fcSJJBOiflS 

i, Se, Co, C e&df*8SJlIT*a. 

[0 02 7] <£D^ftfc#7X££9^gK:3&£ 

iLTtt, SO, . 0 144**1*4. 

[0028] t»!so//7^iJ, «»ttcc«>ftna7t 

1 4 50-1 6 0 0 e C^tt3^UT^XibT^o ^l>t 

50 n^> e 7T-fMccRjj»r4i8^'{c». a^Kcot* 



[0 029] *?m<D*Jv Xte*'8miC&<D&£.&blC 

<t^», ^li&c#fg©M3£SSTc£fc<i3t>WX1£ 
[ 0 0 3 0 ] ^14S*f^CD«t6i±M*^ffiK;# 

[0 03 1 ] i&ffitf^;^ ^b## 

[0 0 3 23 *»MK*jW»-C. #-7X©lt3 

tMfiB£ffi^l/fc (B.R.Lawn and D.B.Marshall ,3 .Am.C 
eram.Soc. ,62[7-8]347-350(1979)) „ CCC, ffle3J§S 
41B tttt*4©f * *-^S3H, i«S«S314filK c #>6 
( l ) K J: OS® 3 ft*. 

[0 03 3] 

[ft 13 

B=H V /K« (1) 

[oo34] cvmzvm&ZMvxtcmm-rzfSiO*: 

[0035] *<Dmmt3: (2) tcfc^sgsns. c 
c-c. p\*vvt>~*K*<mv\Lfrffinxb*). 2 

a. 2cll^)fi, 0 1 CCml,fc«fc5K:. e^*-^ 
EBK<D#«fi*» J: tfEHKl*> y *©£3 

<BE^©JK£^tJ*ff*& 2 o© * ^ f©^S) -C$> 

[00361 
[ft23 

o/a = 0. 0056B^P^ (2) 
[0037] &8#7X©affl«:fr^jM,/(:t » 
mS©^tftt^ (2) *JBt>tt«. 27 5*©I!e3*fS# 

[0038] E2«> C^U-Cffl'J^LfcfiSS^CIBt 
KcJ:S^ai©B8^?r7S-r. Sfe3*§<§! 



(4) ^¥9 -5 2 7 2 9 

6 

[0 039] ^mtt©?ie5i Lr. ttS*5 

io' x-ixttzzm&zmm-rz. cwieoo-c 

[0 040] ^:^©^?^«*:KW«C^©^3!(SLK: 
< C^ci6. ^ffi(c#S©Jjia4J6-r C ttt < 

10 ffl*iT#S„ 
[0 04 1] 

mmm mi. 512 to**^©*^* (mi-8) 

fccfcO'fct&W (W9~12) <b L/T^itL/?c 1 2 SS© 
#i7**Il£. jR3ft«fMt.J:&8IIitt 

tmmtLx, wa^io 1 10 4 ^xtfr 

ZUm CO **VT. a?©*flfi£«. »*X*KJ:*»W 

[00423 Sffl^©/H4^»2 0 0 e =&e#sa©tma 

KSALfc^, 1 4 5 0- 1 6 5 0*CA^ttitC'C4^ra 

^5-xiisjgs©^^* 1 ?, nsji©rajB*i*t>c 

#>©S!{CSEL^-Ci|^ 1 0 c mft-CfS 5 mm©^CC 
ffi& -tfiWLtc.. UhintctJzfMtAQQ-bl OW 

2 c mft-C^tS 4 mm©i*ft£ l>tc. 

[00433 mmL-cmw'tiiiotctmteZbicmmic 

J: £ iSBBgSgtt:*;* Bfc*T 5fc»Kft</5^ ©M* 
S<fc 9^=F±©iaStcJnm ( 1 OOVh r ) L/. £5f$ 
30 (3«ffl)g, M(60*C/hr) Lfc. CvLtS 

ffl©i»fc <£ cwniffi**s^KMi* u fcttSstcr-e©^ 

[0 044 3 BS3©«'J^{C(Jt^*-X8!SiiE^||*ft 

MB© ( 1 ) . (2 ) j£*m^XZ<D&3Bi<DWPlfre>ft 
i> >? ? ? ©S 3 L t v io - ^EK>ff Uih&ffim 

[0 04 5 3 W l/£*?5S}S5 k glit, ^r©f( 

tii 0 fc. fflJZiC (Jv 4 i>xx *fr? A $ -cms JKMS 
©#=&«« I/. ^ft^S^-Ctrmu/c©^*^©*!! 
*EHJ#aAb-C44S£b)t. 

[0 04 6] SU. a2iO*ffe?3©iB^ffiH«:fcS^ 
•5^«-r^T2gS*i2. 4 10?:@ir2. 4 7 0e/ 

ccyrtiv, ^poii3*§©<iib*56 7oom- i/, « 

T. tta^io 1 tfWXitt-Si&gaU 6 0 0-CfcTFt 

[0047] -en«c*tu -e©i6Hii-©J:bifi!0>i (0(9 . 

SO t?jl 0) -CWfBS«2. 470g/c cfcTF-C. »S3fg 



(5) 



e«SB«6 6 0 0m- 4 "fcrF£tt-*TC>6*« % 1 0 2 # * 
-<X<L&SiaK# 1 6 0 0 e CVL±vmm • tiBH£CcJB*s 

tmm (mi 1 . 091 2) r«. io i #^x<t 
orsas^ 1600 Q mrvmm • 

f§B#6 6 0 0ro- 1/2 £jg;l&/ta6, Qf»«te©«S*s 



»9-52729 



8 



T&D. 9s3£&^£C<htC£9mg^£^S£4. 
[0 0 5 0 ] rtc*?^ *ffl«03!/7X*efflT*Ci 
[0 0 5 1 ] 





1 


2 


3 


4 


5 


6 




SIQ, 


75.1 


75.1 


75.1 


75.1 


75.0 


75.0 




HgO 


9.4 


9.4 


10.4 


11.4 


13.4 


14.4 


m 


CaO 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




ZnO 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




LUO 


15.5 


14.5 


13.5 


6.5 


5.5 


5.0 




Ka a O 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 




X3O 


0.0 


0.0 


0.0 


6.0 


5.0 


4.5 




AUOs 


0.0 


1.0 


1.0 


1.0 


1.1 


1.1 


RO-H^O 


24.9 


23.9 


23.9 


23.9 


23.9 


23.9 


RO/feO 


0.61 


0.65 


0.77 


0.91 


1.28 


1.52 


ttf£(e/cc> 


2.424 


2.422 


2.426 


2.426 


2.433 


2.437 


B 


Of 1 ' 1 ) 


6200 


6100 


6300 


6300 


6300 


6400 


MPpolse CC) 


1264 


1288 


1288 


1352 


1356 


1358 


10 4 poise CC) 


826 


851 


864 


951 


966 


974 



[0052] 



C*2] 



(6) 



9-52729 



10 





7 


Q 
o 


q 




X 1 


1 o 




Si 


77.0 


77.9 


80.3 


83.0 


58.9 


67.0 




MgO 


14.1 


9.5 


0.0 


3.3 


0.0 


0.0 




CaO 




1 n 

A. U 


O A 

v, 4 


A A 


A O 

4. 8 


10.0 




ZnO 


0 ft 


X. VJ 


A A 


A A 
U. U 


A A 

0. u 


0.0 




LUO 




in a 

XU. 0 


A n 


U. U 


0. 0 


0.0 




Ha,0 


1 1 

X, X 


n n 
u. u 


1A Q 
XU. O 


1 A Q 

Jill, o 


1 C 1 

lb. 1 


15.0 




KaO 




n ft 


A A 


A A 

u. u 


A A 
0. 0 


5.0 




AUOa 


0.0 


0.0 


0.0 


3.4 


20.2 


3.0 


RCHKaO 


23.0 


22.1 


19.7 


13.6 


20.9 


30.0 


RO/feO 


1.58 


1.09 


0.91 


0.32 


0.30 


0.50 


&S(g/cc) 


2.430 


2.430 


2.431 


2. 347 


2.488 


2.522 


B 




6300 


6300 


6100 


4000 


6800 


7000 


10 1 poise CC) 


1390 


1450 


1786 


2314 


1338 


1387 


10' poise CC) 


1033 


985 


1179 


1366 


976 


1066 



[0053] 



20*r££ e 



nai ] 



[H2] 





4500 SOOO 5BOO 6000 6500 70OO 7500 8000 
BrlHIeness (nr*/2 ) 



(51)Int.0 

C 0 3 C 4/00 



F I 

C03C 4/00 



»^/H!8ffi«rPt*^lilIE:^iR«ril50#* 



